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DOUBLE HOHNANN TRANSFER CONCEPT 

FOR LEN INTERCmT AM3 RENDEZVOUS WITH CSEJI 

Floyd V. Bennett 

A concept f o r  performing LEN o r b i t  t r a n s f e r  maneuvers t o  i n t e r c e p t  
and rendezvous wi th  t h e  CSM i s  presented.  This  concept which i s  a double 
Hohmann o r  b i e l l i p t i c  t r a n s f e r  i s  shown t o  s imp l i fy  these  orbi ta l  man- 
euvers,  t hus  enhancing t h e  a s t ronau t  monitoring and backup guidance cap- 
a b i l i t i e s .  Furthermore, t h e  rendezvous i s  perfomed on t h e  e a r t h  s i d e  of 
t he  moon, making poss ib le  t h e  a s s i s t a n c e  of MSFN t r ack ing .  Also, use of 
t h i s  concept i s  shown t o  provide f o r  compa t ib i l i t y  of t r a n s f e r  maneuvers 
f o r  nominal launch, descent  abo r t s ,  any-time su r f ace  launch, and CSM 
rescue of LEN crew. 

INTRODUCTION 

During t h e  LLFM a c t i v e  phase of t he  ApoPlo mission, it i s  requi red  
f o r  crew s a f e t y  t h a t  t h e  L;FM be ab le  t o  execute,  a t  any time, an a b o r t  
maneuver t o  rendezvous wi th  t h e  CSM. The a b o r t  t r a j e c t o r i e s  gene ra l ly  
c o n s i s t  of powered f l i g h t  t o  a s a f e  per icynth ion  a l t i t u d e  (nominally 
50 000 f t )  and coas t ing  f l i g h t  o r  o r b i t a l  t r a n s f e r  t o  i n t e r c e p t  t h e  CSM. 
The cu r ren t  concept f o r  determining t h e  i n t e r c e p t  t r a n s f e r s  u t i l i z e s  
t h e  w e l l  known s o l u t i o n  of k m b e r t ' s  two-impulse problem wj th  t h e  s a f e  
per icynth ion  r e s t r i c t i o n .  Due t o  t h e  va r i ed  i n i t i a l  condi t ions imposed 
by r equ i r ing  an  any-time a b o r t  s i t u a t i o n ,  t hese  t r a n s f e r s  r e s u l t  i n  a 
wide v a r i e t y  of t e rmina l  approach condi t ions  f o r  performing rendezvous 
and docking. This i s  e s p e c i a l l y  t r u e  f o r  a b o r t s  o f f  t h e  powered descent  
i n  which t h e  t e rmina l  o r  c lo s ing  r a t e s  "vary from 100 t o  nea r ly  400 f p s  
and approach d i r e c t i o n s  vary  a s  much a s  90". It i s  t h e  purpose of t h i s  
r e p o r t  t o  present  a concept of o r b i t a l  i n t e r c e p t  t r a n s f e r  which w i l l  
a l l e v i a t e  somewhat t hese  va r i ed  approach condi t ions  f o r  te rmina l  rendez- 
vous. 



SYMBOLS 

hof f 
Alt i tude of o f f se t  point  fo r  double Hohmann concept, see 

f igure  5 

R Relat ive range between LEM and CSM 

fi Relat ive range r a t e  between LEM and CSM 

T Time of t r ans fe r  t o  rendezvous 

n v ~  Velocity increment required f o r  terminal rendezvous 

nVof f Velocity increment required a t  the  o f f s e t  a l t i t u d e  f o r  
in te rcep t  

A V ~  Velocity increment required a t  pericynthion (over c i r cu l a r )  
t o  i n i t i a t e  t r ans fe r  

n v ~  Total  ve loc i ty  increment f o r  in te rcep t  and rendezvous 

8 Central  angle of LEDl t r an s f e r  t r a j e c to ry  f o r  rendezvous 

@ Phase angle between I_IF51 and CSM a t  i n i t i a t i o n  of t r an s f e r  

CURRENT LEM MISSION 

I n  the  current  nominal I;EM mission, both the  o r b i t a l  descent and 
ascent t r an s f e r s  a r e  Hohmann t rans fe r s  between t he  80 n. m i .  c i rcular ,  
CSM orbit ,  and 50 000-foot a l t i t u d e s  ( f i g .  1 ) .  The 50 000-foot a l t i t u d e  
i s  considered a safe  pericynthion r e s t r i c t i on ;  hence, continuous powered 
f l i g h t  is  required below t h i s  a l t i t ude .  Nominally, any outlof-plane re-  
quirements a r e  s a t i s f i e d  during the powered launch t o  the safe pericyn- 
thion. Aborts any time during the LEM mission produce a va r ie ty  of two- 
impulse in te rcep t  t r an s f e r s  i n  order t o  provide LEM rendezvous with the  
CSM ( f i g .  2 ) .  Several s tudies  have been conducted which show the wide 
var ia t ions  i n  t he  parameters f o r  these t rans fe r s ,  namely, veloci ty  re-  
quired (both magnitude and d i rec t ion) ,  time of t r ans fe r ,  and t r an s f e r  
angle. For example, see references 1 through 4. The t rans fe r s  f o r  
abor ts  during powered descent a r e  shown i n  these references t o  produce 
the widest va r ia t ions  due t o  the  large  change i n  i n i t i a l  phase angle 
between t he  two spacecraft  during t h i s  maneuver ( f i g .  3) .  The various 
phases of the powered descent denoted i n  f igure 3 a r e  consistent  with 
terminology presented i n  reference 5. 



Typical v a r i a t i o n s  of the  t r a n s f e r  parameters with spacecraf t  phase 
angle a r e  shown i n  f igure  4. The l a rge  change shown i n  the  te rminal  
rendezvous v e l o c i t y  AV complicates t h i s  maneuver considerably. For 

A 
example, c los ing  v e l o c i t i e s  above 200 f p s  must be nulled by t h e  main 
engine, whereas below t h i s  l e v e l  t h e  RCS j e t s  a r e  used. The d i r e c t i o n  
of these  c los ing  v e l o c i t i e s ,  although not shown, v a r i e s  between O0 and 
90" which produces a nonstandard background ( s t a r ,  sun, or  su r face ) .  
The v a r i a t i o n s  i n  t r a n s f e r  angle and time cause the  rendezvous t o  be 
performed a t  a wide range of loca t ions  i n  t h e  CSM o r b i t .  This inc reases  
t h e  d i f f i c u l t i e s  of s t a r  p a t t e r n  background recognit ion which could be 
a valuable a i d  f o r  crew monitoring o r  f o r  manual backup guidance tech- 
niques. Also, when t h e  lunar  surface i s  i n  t h e  background, it i s  some- 
times lit and sometimes dark, depending on the  t r a n s f e r  angle.  

I n  swmnary, the  wide range of t r a n s f e r  parameters leads  t o  a wide 
range of terminal  rendezvous condit ions consequently complicating guid- 
ance techniques (primary, backup, and monitoring) a s  w e l l  a s  crew 
t r a i n i n g .  A concept of in t e rcep t  t r a n s f e r  designed t o  somewhat a l l e v i -  
a t e  t h e  v a r i a t i o n s  a t  te rminal  rendezvous i s  presented i n  t h e  followjng 
sec t ion .  

Basic Concept 

The double Hohmann o r  b i e l l i p t i c  t r a n s f e r  cons i s t s  of a Hohmann 
t r a n s f e r  t o  a n  a l t i t u d e  o f f s e t  from t h e  CSM inmediately followed by 
another  Hohmann t r a n s f e r  t o  rendezvous a s  shown i n  f igu re  5 .  For t h i s  
concept, not ice  t h a t  t h e  poin t  of rendezvous always occurs 360' from 
the  launch burnout poin t .  Since t h e  launch burnout point  occurs wi th in  
a 22' band f o r  abor t s  o f f  the  powered descent ( f i g .  3) ,  then the  ren- 
dezvous w i l l  a l s o  occur i n  t h i s  band. Furthermore, the  rendezvous i s  
now on t h e  e a r t h  s ide  of t h e  moon and can the re fo re  be a s s i s t e d  by 
ground t racking (MSFN). Also, s ince  the  t r a n s f e r s  a r e  Hohmann type,  a l l  
v e l o c i t y  increments ( a t  launch burnout, o f f s e t ,  and rendezvous) a r e  a l -  
ways added t angen t i a l ly .  The equations f o r  determining t h e  parameters 
f o r  t h i s  concept a r e  presented i n  t h e  appendix. 

Var ia t ion  of Parameters 

The incremental v e l o c i t y  requirements f o r  t h i s  concept a r e  shown i n  
f igu re  6 f o r  t h e  range-of-phase angle encountered f o r  abor t s  o f f  the 
powered descent  ( f i g .  3 ) .  These r e s u l t s  show t h a t  the  t o t a l  v e l o c i t y  
i s  a s  much a s  200 fps  l e s s  than the  cu r ren t  technique f o r  e a r l y  a b o r t s .  



The a r r i v a l  of closing veloci ty  nVA i s  always l e s s  than 100 fps,  thus 

simplifying terminal rendezvous engine and guidance logic.  The veloci ty  
input a t  the  o f f se t  point AVoff 

i s  nearly a constant (between 95 and 

99 f'ps) which s impl i f ies  lunar backside (away from ear th )  maneuvers. 
The var ia t ion of o f f s e t  a l t i t u d e  and t o t a l  time t o  rendezvous with 
spacecraft phase angle i s  shown i n  f igure 7. The of f se t  a l t i t u d e  var ies  
l i n e a r l l y  between 50 000 f ee t  and 150 n. m i .  f o r  t he  phase angle range of 
i n t e r e s t .  The time i s  nearly constant varying only between 1x3 and 
126 minutes. This is  roughly an hour longer than the  current nominal 
and approximately 30 minutes longer than the  ea r ly  abort  a t  i n i t i a t i o n  
of powered descent ( f i g .  4 ) .  However, the  addi t ional  time required i s  
not considered unreasonable nor a serious drawback t o  the concept. 
Furthermore, t h i s  increase i n  time need not increase t o t a l  (Apollo) mis- 
sion time, a s  in ject ion i n t o  the trans-earth (ea r th  re turn)  t ra jec tory  
can be i n i t i a t e d  on the same lunar o rb i t  pass a s  i n  the  current  concept. 
However, s ign i f ican t  increases i n  nominal rendezvous time beyond t h i s  
(approximately 2 hours) could cause increases i n  both CSM l i fe t ime and 
LEM contingency l i fe t ime requirements. 

Singulari ty 

The s ingula r i ty  noted i n  f igure 7 fo r  an o f f se t  a l t i t u d e  of 80 n. m i .  
corresponds t o  no of f se t  (note t h a t  AVA = 0, see f i g .  6 ) ;  t h a t  i s ,  ren- 

dezvous would ac tua l ly  take place a t  t he  end of the f i r s t  Hohmann (aboilt 
58 min) which i s  the  current nominal concept. This would represent a 
deviation from the  double Hohmann concept, but should not present any 
d i f f i c u l t i e s ,  however, i f  it were desired, Hohmann t rans fe rs  near t h i s  
a l t i t u d e  could be deleted, f o r  example, between 75 and 85 n. m i .  That 
i s ,  i f  launch burnout occurred between phase angles of -10.7" and -8.1" 
( f i g .  7) ,  then execution of the f i r s t  Hohmann could be delayed a maxi- 
mum of 8 minutes i n  order t o  avoid the s ingu la r i ty  region, or surface 
launch could be delayed a maximum of 1 minute and no o r b i t a l  delay 
would be required. 

Nominal Transfer 

I n  the  current L;GM mission prof i l e ,  the nominal t rans fe r  a f t e r  
launch burnout i s  the Hohmann t o  80 n. m i .  I n  the  double Hohmann con- 
cept, t h i s  t rans fe r  was shown i n  the  preceding section t o  represent a 
s ingula r i ty  point; however, i f  desired, it could s t i l l  be used. It i s  
recommended, however, t h a t  an o f f se t  a l t i t ude  below 80 n. m i .  be used 
nominally i n  order t o  take Pul l  advantage of the double Hohiiann con- 
cept; t ha t  i s ,  e a r t h  side rendezvous and l a w  terminal ra tes .  For ex- 
ample, f o r  o f f se t  a,ltitudEes between 50 and 70 n. m i . ,  the a r r i v a l  



v e l o c i t y  would vary only between 40 and 13 fps  ( f i g .  6 ) .  Also, the  
phase angle f o r  these  t r a n s f e r s  -17.3" t o  -12.0" occur f o r  abor t s  da r ing  
the  f i n a l  approach and touchdown phase of powered descent ( f i g .  3 ) .  
Hence, t h i s  worse case abor t  s i t u a t i o n  could be made t o  coincide wi th  
nominal launch condit ions.  Also, it was shown i n  f i g u r e  6 t h a t  the 
t o t a l  v e l o c i t y  requirements a r e  constant  f o r  a l l  double Hohmann t r ans -  
f e r s  wi th  o f f s e t  a l t i t u d e s  l e s s  than o r  equal  t o  80 n. m i .  This is  be- 
cause t h e  energy of these  t r a n s f e r  o r b i t s  never exceeds t h a t  of the  CSM. 

Launch Window 

I n  t h e  current  two-impulse t r a n s f e r  concept, t h e  launch window i s  
obtained by launching l a t e r  than t h e  t i m e  f o r  nominal Hohmann t r a n s f e r  
t o  80 n.  m i .  and coast ing i n  t h e  minimum sa fe  a l t i t u d e  (50 000 f t )  c i r -  
cu la r  o r b i t  u n t i l  t he  proper phasing i s  obtained. This a l s o  changes 
t h e  poin t  i n  luna r  o r b i t  a t  which te rminal  rendezvous occurs, thus pre- 
sent ing  va r i ed  l i g h t i n g  condit ions and s t a r  pa t t e rns .  I n  the  double 
Hohmann t r a n s f e r ,  t h e  launch window i s  obtained by launching l a t e r  than  
the  time f o r  nominal launch and merely ad jus t ing  t h e  o f f s e t  a l t i t u d e  
f o r  i n i t i a t i o n  of the  second Hohmann t r a n s f e r .  I f  t h e  nominal launch 
was chosen a s  t h e  70 n. m i .  (-12.0" phase angle)  o f f s e t  t r a n s f e r ,  then  
t h e  launch could be delayed approximately 5 minutes (-28. lo phase angle)  
before coas t ing  a t  t h e  minimum s a f e  a l t i t ude ,and  change of rendezvous 
point  would be required.  For both concepts, t h e  launch windows a re  de- 
f ined  a s  not  requi r ing  increases  i n  AV over t h e  nominal. 

Compatibility with Astronaut Capab i l i t i e s  

I n  t h e  cu r ren t  two-impulse abor t  t r a n s f e r  t r a j e c t o r i e s ,  t he  ve loc i ty  
increments (magnitude and d i r e c t i o n )  f o r  i n t e r c e p t  and rendezvous a r e  
determined by solving, wi th  the  a i d  of a computer, Lambert's problem. 
For the  double Hohmann t r a n s f e r  concept, t h e  a s t ronau t  can r e a d i l y  de- 
termine the  v e l o c i t y  inputs  (both magnitude and d i r e c t i o n )  from the 
l i n e a r  r e l a t i o n s h i p  wi th  spacecraf t  phase angle shown i n  f igu re  6. 
pe his phase angle i s  d i r e c t l y  r e l a t e d  t o  the  e l eva t ion  of the CSM above 
the  l o c a l  horizon which the  as t ronaut  can measure. ) The d i rec t ion  of 
t h e  v e l o c i t y  inputs  i s  always along the  l o c a l  horizon. Also, since t h e  
approach t o  terminal  rendezvous i s  always a Hohmann type t r a n s f e r ,  t he  
range-range r a t e  p r o f i l e  w i l l  be s imi la r  f o r  a l l  abor t s .  Indeed, i n  
f igu re  8 t h i s  p r o f i l e  i s  shown t o  vary pr imar i ly  by only a sca le  f a c t o r .  
(1n t h i s  f igu re ,  t he  p r o f i l e s  a r e  normalized about t h e  e a r l i e s t  abor t -  
off  powered descent ,  150 n. m i .  o f f s e t .  ) Thus, t h e  s impl i f i ca t ions  i n  
the  v e l o c i t y  inputs  offered by t h i s  concept should increase t h e  a b i l i t y  
of the  a s t ronau t  t o  perform ba,ckup guidance and/or monitoring of primary 
guidance. 



Any-Time Launch 

I n  the event t h a t  the  LEN must launch a t  some time when the  phase 
angle i s  other than t h a t  shown i n  f igure  3, the double Hohmann tech- 
nique i s  s t i l l  applicable.  It would be required, however, f o r  phasing 
t h a t  a coast period be added e i t h e r  before or  between the  two Hohmann 
t rans fe r s .  Also, a Hohmann t r an s f e r  by the CSM f o r  speed-up of phasing 
(due t o  I imited time of LEM l i f e  support system) may be required ( r e f .  3) .  
Hence, the  t r an s f e r  maneuvers f o r  any time launch s i t ua t i on  a r e  compat- 
i b l e  with the double Hohmann concept of nominal I;EM t r ans fe r .  

CSM Rescue of LEM 

I n  the  event the  LEM becomes inact ive  a f t e r  reaching a safe peri-  
cynthion o rb i t ,  the CSM has the  AV capabi l i ty  t o  t r an s f e r  t o  pickup 
or rescue the  LEM crew. Several analyses of t h i s  problem have been re-  
ported ( r e f s .  6 and 7). I n  these s tudies  it i s  shown tha t  the CSM 
t rans fe r s  on a Hohmann t r a j e c to ry  t o  a c i rcu la r  phasing (comparable t o  
o f f se t  i n  present  concept), coasts, and then t r an s f e r s  on another 
Hohmann t r a j e c to ry  t o  in tercept  and rendezvous with the  LEM (reverse of 
LEM ac t ive  procedure f o r  any time launch). Hence, the double Hohmann 
t r an s f e r  maneuvers a r e  a l s o  compatible with the CSM rescue maneuvers. 
Consequently, t he  same guidance techniques and as t ronaut  t r a in ing  pro- 
cedures can be used f o r  nominal launch, descent aborts ,  any-time launch, 
and CSM rescue operations. 

CONCLUDING RESIARKS 

A concept f o r  performing LEM o rb i t  t r an s f e r  maneuvers t o  in tercept  
and rendezvous with the  CSM has been presented. This concept which i s  
a double Hohmann or b i e l l i p t i c  t r an s f e r  i s  shown t o  have advantages 
over the current  design concept of two-impulse t r ans fe r s .  These advan- 
tages include (1)  reduction i n  t o t a l  AV f o r  descent aborts ,  (2 )  reduc- 
t i o n  i n  AV f o r  terminal  rendezvous, (3 )  ea r th  s ide  rendezvous makes 
possible MSFN ass is tance ,  (4 )  veloci ty  inputs a re  always di rected along 
the l oca l  horizon, ( 5 )  f o r  descent abor ts  and nominal launch the  time 
and location of rendezvous a r e  nearly constant, (6 )  guidance techniques 
and astronaut t r a i n ing  procedures a re  compatible f o r  nominal launch, 
descent aborts ,  any time launch, and CSM rescue t r an s f e r s ,  (7) surface 
launch window is  increased without minimum a l t i t u d e  coasting, changes 
i n  AV, or changes i n  rendezvous point ,  and (8) astronaut monitoring 
and backup guidance capab i l i t i e s  a re  enhanced through simplif icat ions 
afforded by t h i s  concept. It i s  proposed t h a t  the double Hohmann trans-  
fer  concept be reviewed by appl-opriate MSC organlzationa,l el epnents f o r  
possible u t i l i z a t i o n  f o r  design and o-peration of the  L;ESli mission, 
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EQUATIONS FOR DOUBLE HOHMANN TRANSFER CONCEPT 

The equations f o r  determining the parameters f o r  the double Hohmann 
t r an s f e r  concept a r e  presented herein. These equations a r e  based on a 
cen t r a l  g rav i ta t iona l  body and impulsive thrus t ing.  

Velocity Increments 

The expressions f o r  t he  veloci ty  increments are: 

a .  Overspeed a t  launch burnout, AVp 

b. Velocity increment a t  o f f s e t  a l t i t ude ,  Noff 

c. Velocity increment a t  terminal  rendezvous, AVA 

where 

Roff 
radius from center  of moon t o  o f f s e t  a l t i t u d e  

R radius from c e n k r  of moon t o  CSM a l t i t u d e  
C Srn 

A1 
semi-major ax i s  of f i r s t  Hohmann t r an s f e r  (f'rom launch 

burnout t o  o f f s e t  a l t i t u d e  ) 

A2 
semi-ma jor  ax i s  of second Hohrnann t r an s f e r  (from of r s e t  

t o  CSM a l t i t u d e )  



'BO 
c i rcu la r  o r b i t a l  veloci ty  a t  launch burnout a l t i t u d e  

'of f 
c i rcu la r  o r b i t a l  veloci ty  a t  o f f s e t  a l t i t u d e  

V c i rcu la r  o r b i t a l  veloci ty  of CSM c s m  

Spacecraft Phase Angle 

The phase angle between the spacecrafts  i s  determined from the  
following relat ionships:  

a .  Phase angle a t  i n i t i a t i o n  of f i r s t  Hohmann t r an s f e r  ( t r ans fe r  
from burnout t o  o f f se t  a l t i t u d e ) ,  9 ,  radians 

I, = 
c s m  csm 

b. Phase angle a t  i n i t i a t i o n  of second Hohmann t r an s f e r  ( t r an s f e r  
from offse t  t o  cSM), 12, radians 

L J 

Phase angle i s  posi t ive  f o r  LEM leading CSM. 

Offset Radius 

For the double Hohmann t r a n s f e r  concept given the spacecraft  phase 
angle a t  launch burnout , it i s  necessary t o  determine t he  o f f s e t  

radius f o r  the  f i r s t  Hohmann t r an s f e r .  It can be seen fk.om equation (4 )  
t h a t  Rof is  a complex function of $!$ since 

1 
A 2 = - - R  2 ( csm + 'off) (7) 



and where RBO i s  launch burnout radius from center  moon. Thus, it i s  

necessary t o  solve equation ( 4 )  f o r  R by an i t e r a t i o n  procedure. 
off 

It was sham i n  f igure 7 t h a t  the o f f s e t  a l t i t ude  i s  nearly l i nea r  with 

ql fo r  the parameter range of i n t e r e s t ;  therefore,  the  i t e r a t i on  should 

be s t r a igh t  forward. O r ,  equation ( 4 )  can be solved d i r ec t l y  fo r  $8, 
I 

given f  (as  was done i n  the present study) and then in terpola te  

f o r  the  desired o f f s e t  radius.  The accuracy of the  o f f s e t  radius i s  
not of a c r i t i c a l  nature a s  midcourse corrections can be performed on 
e i t h e r  or both Hohmann t rans fe rs ;  hence, l i nea r  in terpola t ion should 
suff ice .  

Transfer Time 

The expressions fo r  calculat ing the  time of each Hohmann t rans fe r  
are: 

a .  Time of f i r s t  Hohmann t rans fe r ,  
T1 

b. Time of second Hohmann t rans fe r ,  
T2 

where p i s  g rav i ta t iona l  constant of cen t ra l  body. The t o t a l  time t o  
rendezvous i s  then the  sum of T and T 

1 2' 



Moon 

Hohmann ascent  

A LEM separat ion and i n s e r t i o n  i n t o  Hohmann descent 

B I n i t i a t i o n o f p o w e r e d d e s c e n t  

C Hover, t r a n s l a t i o n  and touchdown 

D Launch 

l? Inser t ion  i n t o  Hohmann ascent 

F Terminal rendezvous and docking 

(primes denote corresponding pos i t ion  of CSM) 

Figure 1. - Nominal LEN mission. 



Hohmann descent 

I n j e c t i o n  i n t o  abort  t r a n s f e r  

CSM o r b i t  

o r t  t r a n s f e r  

a )  Abort from Hohmann descent 

Abort t r a n s f e r  

r b i t  

Hohmann descent 

Rendezvous 
t i n i t i a t i o n  

owered descent 

t i o n  i n t o  abort  t r a n s f e r  

Powered abort  

b)  Abort from powered descent 

Rendezvous 

CSM o r b i t  

Parking o r b i t  

Powered abor t  launch 

ject ion i n t o  Hohmann t r a n s f e r  

Abort t r a n s f e r  

c )  Abort from surface 

Figure 2. - Abort phases. 
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a )  Sketch  of geometry: 
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b)  Phases of descent  

f igure  3 . -  Range of spacecraf t  phase angle f o r  abor t s  anytime 
during n m n i n a l  parered descent (LEN a t  50 000 f t ) .  
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O f f s e t  p o i n t s ,  !r AVoff 
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Hohmann t o  
rendezvous 

i 
Hohmann / / Ho hmann CSM o r b i t  
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rendezvous 
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Figure 5.- Sketch of clouble Hohmann i.ntercept transfer conceot. 
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Figl~xe 6.- Velocity requirements f o r  double Iiohmann concept f o r  t r a n s f e r  from 
50 000 f t  c i r c u l a r  o rb i t  t o  CSM a t  8' n. m i .  c i r c u l a r  o r b i t .  
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Figure 8.- Range-Range r a t e  p r o f i l e s  f o r  double Hohmann concept. 




